The effect of short-term aerobic exercise on vascular function of young individuals with a family history of hypertension was investigated. Thirty young men with a family history of hypertension were randomly assigned to either an exercise (n ¼ 15) or control (n ¼ 15) group. Exercise subjects performed 30 min of supervised cycle training at 65% of their maximal oxygen uptake ( . VO 2max ), three times per week for 4 weeks. Control subjects were asked to maintain their normal levels of physical activity. Peak leg and forearm blood flow were assessed using plethysmography and was determined as the highest blood flow following 5 min of reactive hyperemia. Cardiopulmonary baroreceptor (CPBR) sensitivity was measured using lower body negative pressure (LBNP) for 5 min at À20 mm Hg. CPBR was determined by calculating change of stroke volume and forearm vascular resistance at baseline and during LBNP. Carotid baroreceptor (CBR) sensitivity was assessed using neck suction at À20, À40, À60 and À80 mm Hg pressures, and was determined from RR interval divided by systolic blood pressure. Augmentation index (AIx), a measure of arterial stiffness, was assessed using applanation tonometry and was calculated as the ratio of augmented pressure and pulse pressure. The major findings were that the exercise group showed increase in leg vasodilation, reduction in AIx and increase in . VO 2max compared with the control group (Po0.05). However, there was no significant change for CPBR and CBR. A short-term moderate-intensity aerobic exercise intervention in young men with a family history of hypertension significantly reduced arterial stiffness and increased aerobic fitness.
INTRODUCTION
Individuals with a family history of hypertension have been shown to possess a range of vascular abnormalities. Men and women as young as 18 --19 years old with a family history of hypertension (FH þ ) were found to possess lower peak forearm blood flow 1, 2 and high forearm vascular resistance 1,2 as well as reduced baroreflex sensitivity 3 than that of young individuals without a family history of hypertension (FH À ). It has also been shown that middle-aged offspring of hypertensive parents possessed greater arterial stiffness, assessed through augmentation index (AIx), compared with middle-aged individuals without a family history of hypertension. 4 Boutcher et al. 5 and Rajzer et al., 6 however, found that AIx at rest was similar for young adult FH þ and FH À . A number of studies have used both acute and chronic aerobic exercises to normalize cardiac and vascular abnormalities. Acute exercise has been found to reduce arterial stiffness, measured by assessing b-stiffness index, in young healthy men, 7 whereas Boutcher et al. 5 have shown that one single bout of exercise improved peak forearm blood flow (FBF) and reduced forearm vascular resistance in young FH þ with no change in arterial stiffness assessed through AIx.
Four weeks of aerobic exercise, at a moderate intensity, was found to reduce arterial stiffness in previously sedentary young men. 8 In this study, change in arterial stiffness was also related to change in maximal oxygen consumption ( . VO 2max ). Also 6 months of walking resulted in increased peak vascular conductance in hypertensive adults. 9 Studies have also shown that baroreflex sensitivity was improved following long-term chronic exercise training in a diseased population. 10, 11 However, to date no study has examined the effects of short-term exercise on arterial stiffness, limb blood flow and baroreflex sensitivity in young FH þ men. Thus, the purpose of this study was to examine the effects of 4 weeks of moderate intensity aerobic exercise on peripheral and central vascular variables, which include AIx, forearm and leg blood flow (LBF), and baroreflex sensitivity in normotensive young FH þ men. It was hypothesised that 4 weeks of moderate intensity aerobic exercise would significantly enhance peak limb blood flow and baroreceptor sensitivity, and significantly reduce arterial stiffness of young FH þ men.
METHODS

Study design
The study was a pre-and post-randomized controlled trial with subjects being randomly assigned into exercise or control groups. The study consisted of four testing sessions: Session 1, all subjects underwent a maximal oxygen uptake test ( . VO 2max ); Session 2 (pre-training), all subjects underwent vascular and baroreflex assessment; and Session 3, the exercise group was required to attend 12 cycle exercise sessions and cycle at an exercise intensity of 65% of . VO 2max for 30 min per session, three times per week for 4 weeks. In Session 4 (post training), all subjects underwent the same assessment as in Session 2 followed by post-training assessment of . VO 2max . The exercise group was required to attend all four testing sessions, whereas the control group was required to attend Sessions 1, 2, and 4. Elapsed time of 24 --48 h was required between Session 1 and Session 2, and between Session 3 (the last training session) and Session 4. There was no specified elapsed time between Session 2 and 3 as the exercise training could be started immediately following Session 2 or on the following day. The elapsed time of 24 --48 hr between Sessions 1 and 2, and Sessions 3 and 4 was required to allow recovery and to ensure that the acute cardiovascular response following . VO 2max did not influence subjects' response during Session 2. 12 
Subjects
Thirty young men aged between 18 and 25 years were randomly assigned to either an exercise (n ¼ 15) or control (n ¼ 15) group. Fifteen subjects in each group were used because Cameron and Dart 8 found decreases in arterial stiffness with a similar exercise program using 13 subjects. All subjects were healthy, normotensive (blood pressure o140/90 mm Hg), medication-free, non-smokers, with a body mass index o25 kg m À2 . Subjects were physically active, but untrained defined as participating in recreational sport for not more than three times per week at a light to moderate intensity. Physical activity levels were assessed by the 7-day recall questionnaire. 13 Subjects possessed a family history of hypertension, defined as diagnosed essential hypertension or antihypertensive treatment in at least one biological parent or grandparent.
14 Twelve subjects possessed a family history of hypertension in one biological parent or grandparent, while 18 subjects had two hypertensive parents. All procedures and potential risks were explained and participants gave their written informed consent. This study was approved by a university human ethics committee.
Anthropometric and electrode placement
Anthropometric measures included height, weight and skinfolds to determine body fat percentage. 15 Three bipolar electrocardiogram electrodes were applied to each subjects' chest to monitor heart rate (HR). Resting HR was determined by calculating the R-R interval from the electrocardiogram after 15 --20 min in a supine position. Stroke volume (SV) during baseline and lower body negative pressure (LBNP) was measured noninvasively through impedance cardiography 16 using a Minnesota Impedance Cardiograph (Model 304B, Minneapolis, MN, USA) with a tetrapolar aluminum-band electrode configuration. 17 The inner two measuring electrodes were located at the base of the neck and at the level of the xiphistal point of the thorax. 17 The two outer current electrodes were placed 3 --5 cm outside of the measuring electrodes, imposing a sinusoidal current of 4 mA with a frequency of 100 KHz. SV was recorded every 25 s and was calculated using the Kubicek equation. 17 Software using ensemble averaging was used to process the impedance cardiogram (COP, Microtonics Inc., Chapel Hill, NC, USA). The validity of impedance cardiography has been established by comparing values with isotope/ thermodilution which correlated significantly. 18 Blood pressure Systolic, diastolic and mean arterial blood pressure (MAP) were monitored using a blood pressure (BP) monitor (Jentow, Colin Electronics, Komaki, Japan) on a beat-by-beat basis by attaching a radial artery sensor to the left wrist. During the 5-min recovery period, after LBNP at À20 mm Hg, HR and MAP were monitored to ensure they had returned to baseline levels.
Baseline FBF and peripheral resistance Baseline and peak blood flow were measured using strain-gauge plethysmography (Model EC-4, DE Hokanson Inc, Bellevue, WA, USA) with the venous occlusion technique. While lying supine, strain gauges 2 --3 cm less than the limb circumference were applied to the subjects' right forearm and calf. Venous cuffs were applied to the upper arm and thigh, whereas arterial cuffs were placed around the wrist and ankle. The subjects' BP and HR were continuously monitored using a beat-by-beat tonometry BP sensor (Jentow, Colin Medical).
Baseline forearm and LBF were measured by inflating the venous cuff pressure to 50 mm Hg for 5 s every 15 s. 19 Circulation to the hand/foot was arrested by inflating the arterial cuff to 200 mm Hg for 1 min preceding and for the duration of testing. 20 Baseline blood flow was determined as the average of six flow measurements made at 10-s intervals. 21 Vascular resistance (VR) was calculated by dividing mean arterial pressure by blood flow.
Peak FBF and peripheral resistance
Peak forearm and LBF were determined by inflating a venous cuff to 200 mm Hg for 5 min. 2 An arterial cuff was inflated to 200 mm Hg during the last minute. Peak blood flow was measured 5 s after release of venous cuff occlusion and every 10 s thereafter. Measurements were obtained by inflating the venous cuff to 50 mm Hg for 5 s, with peak blood flow determined as the highest blood flow of the six measurements obtained after reactive hyperemia. Minimal peripheral vascular resistance was calculated by dividing mean arterial pressure by peak blood flow.
Cardiopulmonary baroreceptor sensitivity LBNP was applied distal to the iliac crest while subjects were at rest. LBNP allows evaluation of cardiopulmonary baroreceptor (CPBR) sensitivity by manipulation of central venous pressure (CVP). The level of LBNP was manually controlled to produce a reduction in CVP. At pressures of À20 mm Hg, CVP decreases without decreasing arterial pressure and, therefore, reflects decreases in CPBR sensitivity but not arterial baroreceptor sensitivity. In the present study, a reduction in SV to LBNP was used instead of CVP as the reduction in SV has been shown to be similar to that of CVP. 22 Following 5 min of baseline HR and BP measurement, LBNP at À20 mm Hg, for 5 min, was initiated. CPBR sensitivity was determined by calculating the change of forearm vascular resistance from baseline to LBNP divided by change of SV from baseline to LBNP.
Carotid baroreceptor sensitivity
Carotid baroreceptor (CBR) sensitivity was measured using a validated neck suction (NS) technique. 23 NS was applied using an equipment similar to the design of Ogoh et al. 24 Two suction cups were placed over both carotid arteries. The device, connected by tubing to a reservoir, was connected to a vacuum source, which was set to achieve the required suction pressure. Order of NS was counter balanced (À20, À40, À60 and À80 mm Hg). NS was performed during held expiration (10 --15 s) and applied for 5 s to ensure maximal bradycardia was attained. CBR sensitivities were calculated from the RR interval in milliseconds divided by systolic BP assessed by the beat-by-beat tonometry BP sensor (Jentow, Colin Medical). Systolic BP instead of MAP was used in the calculation because of the ease and accuracy of this measurement. 25 
Arterial stiffness
Arterial stiffness was assessed through two indices: AIx, which is a surrogate measure of arterial stiffness, and pulse wave velocity (PWV). AIx was obtained by placing an applanation tonometry sensor on a radial artery and was derived from the ratio of augmented pressure and pulse pressure, AP/PP. PWV was measured as the delay between corresponding points on the pulse waves of the common carotid and femoral arteries. and VaSera (VaSera VS-1000, Fukuda, Denshi, Tokyo, Japan) devices. 26 .
VO 2max test
All subjects underwent a . VO 2max test using an electronic bike (Monark 839E, Monark, Vansbro, Sweden). The maximal load achieved in the . VO 2max test was used to determine the 65% of maximal load required for the exercise training. Gases were collected through a Parvomedic metabolic cart (TrueOne, model 2400, ParvoMedics Inc., Salt Lake City, UT, USA). The accuracy and reliability of the Parvomedic metabolic cart has been verified by comparison with the Douglas bag technique. 27 Procedure For AIx, PWV, CPBR and CBR assessment subjects were in a supine position. During baseline, LBNP and NS stimulation HR and BP were recorded continuously. Session 1. In session 1, subjects' . VO 2max was assessed during a graded exercise test on an electronic cycle ergometer (Ergomedic 839E, Monark) at a cadence of 60 --80 r.p.m. until volitional exhaustion. Cycling commenced at a load of 30 W, increasing by 1 W every 2 s. The criteria for establishment of . VO 2max included a plateau in the oxygen consumption with increasing work rate, a respiratory exchange ratio 41.10 and failure to maintain the required work rate despite verbal encouragement. The subject's maximal load was defined as the load on the ergometer, in watts, at the subject's . VO 2max . Ratings of perceived exertion using the Borg scale 28 were collected every 5 min. Subjects were required to refrain from any form of exercise for 2 days before the . VO 2max test and session 2.
Session 2. At least 24 h after Session 1, subjects' vascular and baroreflex function was assessed in the supine position. Subjects were tested in the morning hours under standardised conditions, in a quiet room at a temperature of 23--24 1C. All subjects drank 15 ml of water per kg of body weight in the 2 h preceding testing. All subjects refrained from vigorous physical activity and alcohol on the day of the test, and caffeine consumption 3 h before testing.
Testing order was AIx, PWV and CBR assessment. Once CBR evaluation was completed, subject's baseline FBF and CPBR assessment followed.
The exercise-training program (Session 3). The exercise group engaged in supervised stationary cycle training (Monark Ergomedic 828E, Monark), three sessions a week for 4 weeks. 8 Each session involved 30 min of cycling at an intensity of 65% of subjects' pre-determined maximal load, at a cadence between 60 --80 r.p.m.. Subjects' HRs were monitored throughout exercise using a Polar S810I HR monitor (Polar, Electro, Kempele, Finland). Subjects in the exercise group were required to refrain from any regular extraneous exertive physical activity, whereas those in the control group were asked to continue with their regular physical activity for 4 weeks. All subjects were asked to maintain their regular diet over the 4 weeks. Also, the average exercise HR over each week was monitored and the load was adjusted as subjects' fitness level increased. 
Statistical analysis
Statistical analysis was performed using SPSS, version 15.0. (SPSS Inc., Chicago, IL, USA). An independent t-test was used to compare baseline differences between groups. To examine changes after the intervention an analysis of covariance was used to evaluate differences between the two groups for cardiovascular variables that did not violate analysis of covariance assumptions. Where assumptions were violated (peak LBF) an independent t-test was conducted on the difference scores. The statistical analysis was considered significant when the probability level was o0.05.
RESULTS
Subject characteristics
There were no significant differences in subject characteristics or cardiovascular parameters between groups at baseline before the intervention. Both groups had normal BMI, body fat percentage, BP and possessed similar aerobic fitness levels (Table 1) . Also, there were no significant changes in pre-and post-intervention body weight for either the exercise (70.7 ± 2.8 kg; 70.2 ± 2.7 kg) or control group (72.7±2.6 kg, 72.3±2.4 kg). Compliance to the exercise program was 100%.
Exercise intensity during training Subjects were instructed to keep their exercise intensity at a level that ensured their average HR during exercise was at 65% of their maximal HR. Intensity was adjusted so that subjects' HR stayed at the appropriate level. The average exercise HR was similar for the first (161.3 ± 3.1 b.p.m.) and the last session (160.0 ± 3.3 b.p.m.).
Pre-and post-baseline, and hyperemia blood flow between groups There was no significant difference in baseline and peak FBF as well as baseline LBF following exercise (Table 2) . Also, there were no significant differences in baseline and peak vascular resistance for both forearm and leg between groups (Table 2 ). However, there was a significant difference in peak LBF change between groups, P ¼ 0.03 (Table 2 ; Figure 1 ). The exercise group's peak LBF improved by 14%, whereas the control group's peak LBF decreased by 3% (Table 2) .
Pre-and post-exercise baroreflex sensitivity between groups There was no significant difference between groups in CPBR change following the intervention. Also there was no significant difference between groups in CBR sensitivity across the four different pressure stimuli.
Pre-and post-exercise arterial stiffness and BP between groups There was no significant difference between groups in baseline PWV (Table 2) , however, AIx was significantly different between groups following exercise, P ¼ 0.03 ( Figure 2 ). The AIx of the exercise group decreased by 6% (pre: À9.2 ± 2.4%; post: À15.2±3.9%), whereas change in the control group was not significant (pre: À10.6±2.8%; post: À3.4±3.4%).
There was no significant difference in systolic BP between groups following the 4-week intervention, however, there were significant differences in post exercise diastolic BP (P ¼ 0.002) and MAP (P ¼ 0.001) between groups (Table 2) . Also, the exercise group's diastolic BP and MAP were reduced by 6 mm Hg (P ¼ 0.005) and 5 mm Hg (P ¼ 0.003), respectively, following the intervention (Table 2) , whereas the controls group's diastolic BP and MAP increased by 1.4 mm Hg and 1.6 mm Hg, respectively, but the change was not significant.
Pre-and post-exercise . VO 2max between groups The exercise group experienced a significantly greater increase in relative . VO 2max compared with the control group, P ¼ 0.003 ( Figure 3) . The exercise group's average increase in relative . VO 2max of 3.4±0.7 ml kg À1 min À1 represented an 8.0% increase, compared Takeshita et al. 1 have proposed that structural abnormalities in the vessels, rather than neurohumoral vasoconstrictor stimuli, explain the reduced vasodilatory capacity in FH þ subjects. A number of studies have shown that FH þ subjects possess peripheral vascular abnormalities that precede and contribute toward the development of hypertension. 1, 29 It has been previously demonstrated that vasodilatory capacity is augmented by both acute 5 and chronic exercise, 9, 21 however, it appears that the present study is the first to demonstrate that a short-term exercise intervention is sufficient to improve vasodilatory capacity in men possessing a family history of hypertension. It was found that the improvement in leg vasodilatory capacity was not accompanied by improvement in forearm vasodilatory capacity. The mechanisms underlying improvement of leg 
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vasodilatory capacity could be an increase in the release of circulating vasodilator substances such as potassium 30 and nitric oxide. 31 Repeated dilation of the arterioles through exercise to accommodate increased blood flow has also been suggested to increase the ability of the arterioles to vasodilate. 32 Acute exercise has been shown to improve forearm vasodilation, 7, 5 however, its effects are transitory unless the duration of exercise is longer (chronic).
Thus, it seems that 4 weeks of aerobic exercise is sufficient to improve vasodilatory capacity of the exercising limb, however, it is not sufficient to improve forearm vasodilatory capacity. Thus, longer chronic exercise programs may be needed to improve forearm vasodilatory capacity. For example, Boutcher et al. 21 showed that both forearm and leg vasodilation of young aerobically trained runners who had been exercising for years was higher compared with young healthy but untrained individuals, whereas Tanaka et al. 9 found that hypertensive adults undertaking a 6-month walking program possessed an elevation of peak blood flow in both the exercising (calf) and non-exercising limb (forearm).
Augmentation index
The reduced AIx, an indicant of arterial stiffness, found after chronic exercise in the present study is in agreement with previous research examining individuals without a high familial risk of hypertension. 8 In the present study, however, PWV was not significantly reduced (Table 2 ) following 4 weeks of cycle exercise at 65% of . VO 2max . In contrast, Ciolac et al. 33 trained young women with high familial risk of hypertension and found a reduction in PWV after 16 weeks of high-intensity (80 --90% of . VO 2max ) aerobic interval exercise. It is feasible that longer duration of exercise and a higher intensity are required to bring about changes in PWV. Future research examining the effects of high-intensity interval training on differing PWVs in males with a FH þ is needed. The likely mechanism by which exercise may augment arterial stiffness in the short-term is through the reduction of vasoconstrictor tone exerted by arterial smooth muscle. This might be mediated by the production of endothelium-derived vasodilatory factors. This hypothesis is supported by the finding of Kingwell et al. 31 that a 4-week cycling intervention in young, healthy subjects significantly increased basal nitric oxide production. Shorter but more intense endurance cycling (6 consecutive days for 2 h per day) resulted in significant reductions in central and peripheral PWV but no change in AIx. 34 Thus, changes in arterial lumen diameter may only be brought about by prolonged training lasting longer than 6 days. Given that arterial stiffness increases with age future studies utilizing prolonged exercise are needed to examine whether aerobic exercise is also beneficial for middleaged and older individuals.
Cardiopulmonary baroreceptor (CPBR) sensitivity
The hypothesis that CPBR sensitivity in FH þ subjects would improve with a short-term exercise intervention was made because Boutcher et al. 5 found that acute exercise improved CPBR sensitivity in this population. However, it appears that the neurohumoral mechanisms that underlie acute exercise-induced improvements in CPBR sensitivity do not persist beyond the immediate post-exercise period. 35 Animal studies, however, have shown that both acute and chronic exercise did improve baroreflex sensitivity in both normal and hypertensive rats. 36, 37 In the present study, CPBR control of forearm vascular resistance did not significantly improve following 4 weeks of cycle exercise. A possible explanation for this lack of change could be the short duration of the exercise program. It is feasible that longer duration exercise programs of more than 10 weeks are needed to improve baroreflex sensitivity. In addition, as subjects in the present study had relatively normal CPBR sensitivity, significant improvements might not be expected. McDonald et al. 38 have suggested that exercise-induced changes in CPBR sensitivity should only occur after adaptations of the heart and central vasculature, such as a change in central venous compliance or cardiac structure. Although indices of central venous and cardiac structure were not examined in the present study, it is unlikely that 4 weeks of moderate-intensity exercise would have a significant effect on these parameters.
CBR sensitivity Previous studies have demonstrated that short-term 38 and chronic exercise 39 can improve arterial baroreflex function, whereas Lightfoot et al. 40 found no change in arterial baroreflex function after a 10-week exercise program. Differing protocols and methods used in these studies may have resulted in the contrasting findings. Lenard et al. 39 have proposed that mechanisms underlying improvements in baroreflex sensitivity in exercisetrained FH þ subjects are an increase in barosensory vessel compliance and improved autonomic neural function. In terms of the present study, it is unlikely that 4 weeks of moderate-intensity exercise training was sufficient to improve carotid arterial compliance. Furthermore, it has been suggested that short-term exercise training does little to alter resting-muscle sympathetic nerve activity. 41 The major clinical implication of these findings is the significant reduction of arterial stiffness of young offspring of hypertensives that accompanied the 4 weeks of aerobic exercise. Increased arterial stiffness predicts hypertension development 42 and is related to elevated cardiac risk. 43 The exercise-induced increase of peak FBF may also have clinical implications as reduced limb vasodilation has been suggested to be involved in hypertension development. 9 Whether exercise-induced lowering of arterial stiffness and increased leg vasodilation results in a reduced prevalence of hypertension development in male offspring of hypertensives needs to be confirmed by future research.
One of the limitations of the present study was that there was no control group with young individuals without a family history of hypertension. However, results from previous research in our laboratory have confirmed that young FH þ typically possess vascular abnormalities compared with young FH À . 2 Another limitation was the self reported family history of hypertension by participants. Although this questionnaire has been used in previous published studies, more reliable measures, such as assessment of parent's blood pressure, should be used to identify family history of hypertension. A final limitation was that because of subject time constraints a post-training follow-up to examine maintenance of the observed effects could not be performed.
In conclusion, in young men possessing familial history of hypertension 4 weeks of moderate-intensity exercise increased peak LBF response to hyperemia, reduced AIx and improved fitness, but did not change CPBR and CBR sensitivity.
What is known about this topic
Individuals with a family history of hypertension possess reduced forearm vasodilation and baroreflex sensitivity. 4 weeks of moderate exercise intensity elevates forearm vasodilation in healthy young men without a family history of hypertension.
What this study adds Leg vasodilation of individuals with a family history of hypertension was improved following 4 weeks of exercise. Augmentation index of individuals with a family history of hypertension was reduced following 4 weeks of exercise. Maximal oxygen uptake of individuals with a family history of hypertension was improved following 4 weeks of exercise.
